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Introduction
The positive effects of investments in human capital on the level and evolution of earnings, employment, and other aspects of well-being is one of the most robust and important empirical findings in labor economics (see e.g. Blundell, Dearden, Meghir, and Sianesi, 1999; Oreopoulos and Salvanes, 2011; Psacharopoulos and Patrinos, 2004) . In developed countries, education is an important resource for the economy and assumed to be one of the key determinants in technological development, production and, thus, economic growth. Therefore, politicians aim at increasing the population's educational level (see e.g. EUROPE 2020 -indicators (European Comission, 2010 ). As increasing the countries overall educational level requires individuals to invest in their education, researchers focus on the individual's (economic) benefits of education, mainly the increase in earnings due to investments into more education.
Even though the returns from investing in human capital in general are widely studied, little is known about the properties at a more disaggregated level, i.e. field specific returns to education. Standard economic models of schooling decisions (Becker, 1964; Mincer, 1974) model the average returns to years of schooling by comparing future income streams to the costs associated with an additional year of schooling but do not differentiate between different fields.
To overcome the assumption of homogeneity of human capital investments, we differentiate between fields of education within and across levels of education. Borrowing from financial economics models (see e.g. Cochrane, 2001), we contribute to the literature on human capital investment by differentiating between a large variety of educational fields and by incorporating the unexplained variance of the returns, the earnings risk, into the evaluation of the benefits from education.
To learn more about the properties of returns to different types of human capital and how they compare across fields is important from both a theoretical and a political perspective.
From a theoretical perspective variations in returns to educations across fields and the earnings variation within a field have important consequences for models on educational choice that usually only consider aggregated earnings streams at different levels of education as explanatory variable. By aggregating over different fields of education one might, for example, overstate the additional value of a further year of education if the additional year of education is spent in an educational program with low labor market returns.
From a political perspective it is important to know the financial attractiveness of an educational field for various reasons. First, our results can serve as an instrument to evaluate the demand for graduates on the labor market. In Germany, for example, it is controversially discussed as to whether there is a lack of graduates from engineering fields or more broadly from MINT-fields 1 . While some experts claim that there is a lack of skilled engineers and demand that politicians take action (see e.g. Anger, Koppel, and Plünnecke, 2011), others do not share this opinion (see e.g. Brenke, 2010) . Identifying the field specific returns and associated risks could serve as a tool to evaluate the demand for graduates of a certain field of education on the labor market, with high earnings and low levels of earnings variance indicating a high demand for skilled labor in a specific field.
Second, the main impact politicians have on individual investment can be assumed to be through the costs of the investment or by providing information on the benefits of the investment in education. One factor through which politics influence educational investments are tuition fees. Discussions about tuition fees are usually charged with the argument that the main beneficiary of education is the individual (in addition to some positive externalities), so the investment does not have to be free of charge as the individual will capture the returns to his/her investment later in life. Thus, fields with high labor market returns might be charged higher fees, while there could be an interest to keep tuition fees of subjects with smaller labor market returns but high non-pecuniary returns (for example, arts) or high social returns (for example, education) low. It could further be assumed that there is an information deficit among prospective students or incorrect perceptions about returns to fields and levels of education, which lead to inefficient sorting into the fields. In that case politicians could rely on the estimates when informing about the financial attractiveness of the various fields of education.
Altering the expected returns to different fields of education in order to navigating educational investments of prospective students, can be assumed to be an effective political instrument.
Existing models estimating the effect of expected earnings streams in different fields of education on the college major choice suggest that this choice is partly guided by expected earnings and further by non-pecuniary factors as preferences or ability (see e.g. Arcidiacono, Hotz, and Kang, 2011; Arcidiacono, 2004; Berger, 1988; Beffy, Fougre, and Arnaud, 2012; Boudarbat and Montmarquette, 2009 ).
The risk associated with different types of education should not be neglected. The question of whether, empirically, human capital investments are risky is addressed by Becker (1964) , who notes that there is more earnings variation among college graduates than among high school graduates. Literature on the decision to pursue higher education, incorporating risk, originates with Levhari and Weiss (1974) . They find that increasing risk, i.e. the variance in the payoff for education, reduces investment to education. Subsequent studies similarly find that reducing uncertainty in returns increases educational participation (see e.g. Hartog and Vijverberg, 2007; Carneiro, Hansen, and Heckman, 2003; Fossen and Glocker, 2011) .
The highest expected earnings are usually found for fields in social science (mainly business and law) and medical subjects, while humanities and arts are rather unattractive investments in terms of monetary returns (Walker and Zhu, 2011) . 2 The authors estimate the returns to groups of subjects but the variance of the returns within the group of fields is not considered.
Relatively little research, thus, tries to understand how the risk-return trade-off for different human capital investments compare at the margin. Palacios-Huerta (2003) is the first to empirically analyze risk properties of various human capital returns. He presents an empirical comparison of risk adjusted human capital investments to financial investments. Christiansen, Joensen, and Nielsen (2007) take up his approach and analyze the risk-return trade-off in human capital investments with Danish labor market data. In both studies, the authors compare the risk properties of human capital assets by applying a framework that is standard for the analysis of financial assets.
We contribute to this stream of literature by comparing the risk and returns to a large number of educational fields in Germany. Germany provides a good framework for studying returns and risk properties to different types of education for various reasons: In Germany upper secondary high school graduates can choose between vocational education, education at a university of applied science or at a university. These educational paths have different characteristics, for example, different lengths of study, qualification levels or levels of specialization. Despite the different characteristics, they offer, in a lot of cases, similar fields of education. For example, a person interested in business or manufacturing can choose between all three paths. Hence, for a decision maker it is not only interesting to know how earnings and earnings risk vary across the paths on average but also how earnings vary between the paths for one specific field.
This variation in educational choices also allows us to restrict our sample to upper secondary school graduates who obtained a university entrance certificate. Due to this sample selection, a bias stemming from sorting into the fields based on ability can be assumed to be relatively small. The group can be assumed to have a rather homogenous level of general ability. Beyond the educational framework, it is interesting to evaluate the financial performance of fields of education in Germany because of the controversially discussed lack of skilled graduates in some fields of education.
Using a large German data set, the German Micro Census, we are able to estimate the returns and earnings variances for about 70 fields of education. We estimate the returns to different fields of education by extending the standard Mincer wage equation to allow for different fields of study. By analyzing the risk-return trade-off for a large number of fields, we identify fields that are efficient in terms of investment goods and fields that are likely to be chosen for other reasons (consumption purposes). Because students have different preferences and abilities, we also look at the efficiency of different levels of educations within a certain group of fields (e.g. engineering fields). For instance, for someone interested in engineering, we find that a university degree in manufacturing engineering is an efficient investment as there is no other engineering field that earns a higher rate of return with the same level of earnings variation. Similarly an applied science degree in precision engineering should be chosen over a university degree in electrical engineering because it yields about the same returns but at a lower variation level. 3 We find that fields in all educational paths can be efficient investments. Hence, the decision about the 3 This is true only under the standard assumption that individuals are risk averse.
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level of education as well as the field of education is important when deciding about investments in education.
The paper is structured as follows: The following section explains the methodology for estimating the performance measures. Section 3 describes our dataset. Section 4 provides the results of our analysis, followed by the conclusion in Section 5.
2 Empirical model and methodology
Performance measure
As we analyze different fields of education in terms of their investment value, we need to find an adequate measure for the efficiency of each field. The literature analyzing the returns to educational subjects focuses on the returns themselves and tends to neglect the risk associated with the different investments (see e.g. Wahrenburg and Weldi, 2007) . However, this might bias the evaluation of the investment value, as the risk of an investment largely influences the investment decision (see Hartog and Vijverberg, 2007; Carneiro, Hansen, and Heckman, 2003; Fossen and Glocker, 2011) . With respect to the educational decision, one might think of unemployment risk associated with different educational qualifications that add some uncertainty with regard to the expected returns. The variation of unemployment risk across educational qualification is well documented, (see e.g. Mincer, 1991; Riddell and Song, 2011; Reinberg and Hummel, 2007) . The unemployment risk may not only vary between different educational paths, but also between the field of education majored in.
Interpreting the different fields of education as different investment strategies, we use a standard financial economics approach: The mean-variance model of Markowitz (1952) . In the model, assuming that the returns are normally distributed, investors only consider the expected returns and their variances in their decision making process. Graphing the expected returns and their standard deviation in a so-called mean-variance plot exhibits all feasible investments.
Depending on the individual's utility function (increasing with returns and risk-avoidance), the optimal investment strategy lies on the efficient frontier, i.e. the investment which exhibits the highest returns for a given risk. We assume investment in education to be a discrete choice.
Portfolios of educations are not considered in this study. For that reason, the mean-variance plot for human capital investments is a scatter-plot whereas the empirical efficient frontier for financial assets is a continuous line.
Following Christiansen, Joensen, and Nielsen (2007) we use a modified version of the Sharperatio (Sharpe, 1966) to formally describe those plots and to rank the different educational investments. The Sharpe-ratio is a return to variability measure that also uses the expected (excess) returns compared to a risk free alternative, standardized with its standard deviation. Since a risk free return in the context of educational choices is not straight forward, we compare the 6 returns of a certain educational field with the (risk free) sample average returns R over all fields as a proxy for the true population average returns:
The Sharpe-ratio S j then indicates the efficiency gain or loss from investing into educational field j compared to the average. Thus, a higher value of the Sharpe-ratio relates to a better performance of the investment.
Measuring the returns
To derive our performance measure, we need the returns associated with a certain field of education. Thus, we calculate the individual hourly wages in each educational field and use this information to estimate field average returns.
To obtain the returns, we use a modified version of the standard Mincer wage regression (Mincer, 1974) . We allow the log hourly wage (log(W )) of individual i to non-linearly increase with age. We prefer age over experience, as we do not observe the true work experience. A constructed measure of potential experience as a linear combination of age, years of education and the general school starting age could bias our results since possible unemployment spells are not accounted for. However, our constructed measure also neglects the information on unemployment experience, which is potentially correlated to the fields of study and may effect wages due to human capital depreciation. We try to attenuate this omitted variable bias by including information on tenure in the recent job in our model.
As with the standard Mincer returns to schooling approach, estimating field specific returns might result in several problems (see Altonji, Blom, and Meghir, 2012 , for a detailed overview).
A major concern, first described by Willis and Rosen (1979) , and frequently discussed in the context of estimating returns to education, addresses the problem of unobserved variables that might be correlated with the educational variable, i.e. motivation or ability. Unfortunately, our dataset neither includes ability measures nor retrospective information that would allow us to model the selection process into educational fields. To keep a possible ability bias small, we constrain our sample to students that passed the university entrance examination (Abitur ) such that variation due to unobserved ability is reduced. Studies analyzing the effect of educational qualifications 4 on wages, tend to find a significant effect due to ability sorting (see e.g. Carneiro, Hansen, and Heckman, 2003) . In contrast to these findings, studies focusing on college majors including measures for ability conclude, that such a bias due to omitted ability variables is rather small (Berger, 1988; Arcidiacono, 2004) .
The second problem we face is possible endogeneity of educational fields. We may observe the individuals in the respective fields, because they chose that field according to their expectations about the associated returns. Arcidiacono, Hotz, and Kang (2011) show, that an increase in the expected earnings in a certain field of education has a significant positive effect on choosing this major. A possible solution for this problem would be to instrument the educational field variables, but with our dataset we are not able to construct such instrumental variables to account for this possible endogeneity. When interpreting our finding, we should keep the literature findings in mind, which indicate that our return estimates might be biased upwards.
We estimate the earnings by applying a OLS model for the working population: 5
with j = 1, ..., J and l = 1, ..., L
The logarithm of the observed hourly wage of individual i is denoted by log(W i ). F i is a field specific dummy which indicates whether the individual graduated in the respective field j. L i is a dummy for the educational level, i.e. if the individual graduated from university, university of applied science or finished vocational training. To get our field specific returns for each educational level, we include the interaction of F i and L i . As described above, we use age, both in levels and squares, interacted with the dummies indicating the educational path. Thus, we allow for a flexible age-earnings-profile across, but homogeneous within the educational path.
We do not interact the fields of education with the elements of the matrix X i , i.e. person specific and demographic characteristics like tenure in the current job, nationality, regional-and year-dummies, since we assume that those have a unique effect on the wages unrelated to the field of education. Due to well-known differences in the age-earnings-profiles between men and women, we estimate the model separately rather than including gender dummies. Furthermore, we assume that the error terms follow a normal distribution.
After estimating the individual log wages, we can calculate the log hourly wages for the working population for each educational field. Since we allowed the earnings profile to vary with age in each educational path, we take this information into account by calculating the (discounted) capital value for each investment at the time of decision. Comparing the field 5 There might be a bias resulting from non-random sample selection into work participation varying by field of education. We controlled for this possible selection using a standard Heckman estimation model (see Heckman, 1979 ). While we find that the selection term is significant, it does not affect our coefficient-estimates for the returns to educational fields. This finding is in line with Lauer and Steiner (2000) . The Heckman estimation results are available upon request from the authors. specific returns at an arbitrary age might bias our measure, i.e. in younger ages the vocational educations tend to have a higher return, whereas university education pays off at a later age. Therefore, we calculate the (discounted) capital value 6 at the time of high-school graduation, the time when decisions of further educations are made. This procedure allows us a more accurate comparison between the different fields of education as different durations of educational programs are adequately taken into account. To picture the problem, Figure B1 and Figure B2 in the appendix show the age-earnings profiles for the different educational levels for men and women.
For our efficiency analysis, we are interested in the average of the estimated field specific returns net of the effect of individual characteristics. Thus, we calculate the log hourly earnings as function of field specific characteristics, taking into account the age profile for the respective educational path:
with γ : Discount factor, and T R : Retirement age, and T edu j : Years of education for field j.
The fact that some fields of education require more years to graduate than others is denoted by the substraction term. This way periods with no labor income (because the individual is still in education) are accounted with zero income. 7
As we want to compare the returns of a specific field to the average returns, we calculate the average capital value of the sample returnsR over all fields:
N j denotes the number of all working persons in field j, whereas N reflects the number of all working individuals in the sample.
Furthermore, we assume that an individual takes into account possible unemployment risk when he/she forms his/her expectations about the field specific returns. We thus weight the returns with the unemployment probability in each field calculated as ratio of unemployed individuals on individuals in labor force. Thus, with the probability r ue,j = P (unemployed = 1|F j ) a graduate in field j will only receive a minimum payment U BR. In Germany, unemployed persons are entitled for unemployment benefit rate, i.e. Arbeitslosengeld 1, which is 63 percent (67 percent for parents) of the previous net wage in the first year of unemployment. As we only have cross-sectional data, we have no information on the duration of unemployment, but since individuals with a university entrance exam have a relative small unemployment probability it is a reasonable assumption that unemployment only occurs temporarily.
Measuring the variability
The second part of the Sharpe-ratio is an indicator for the variability of the returns. The straight forward measure is the standard deviation. With our estimation approach, we are able to split the variation in the returns into an explainable part, as well as an unexplainable part, which is the residual variation between individuals. The latter one is of interest when accounting for the variability in the returns of a specific field and will be referred to as earnings risk. 8 Our variance within a specific field j is thus defined as:
with i = log(w i ) − log(w i ) and γ : Discount factor, and T R : Retirement age, and T edu j : Years of education for field j.
As we calculated the earnings as (discounted) capital value over the lifetime, we do the same with the variances. While more education leads to a shorter working period over the lifetime, the (non-existent) income while being in education is risk free. To account for different unemployment incidents across the fields, we explicitly include the unemployed individuals in our calculation of i by setting their hourly wage to 63 percent of the field specific average log-wage. Thus, the higher the share of unemployed persons in a specific field, the higher the variance in the respective field will be. 9
We now have all relevant measures: The returns and their variability which allow us to evaluate the fields of education in terms of their efficiency by calculating the modified Sharperatio as:
3 Data and descriptives Our sample is restricted to individuals who passed the university entrance exam, the Abitur, and finished a professional degree in either a vocational program, at a university of applied science or a university. In Germany, individuals can choose between these three options after secondary schooling. While vocational programs are open to students from all levels of secondary schooling, the university educations are open only to those who passed the university entrance examination after 13 years of schooling. 11 Depending on the field of education the academic educations usually last between 4 to 6 years. Educational programs at a university of applied science are usually shorter than programs at a university. To account for different lengths of educational programs, we assign the median number of semesters needed to graduate to each field of study. 12 Three years of training are usually required to obtain a vocational training certificate. Hence, we assign three years to all vocational training fields. 13 Because we only have individuals in our sample who finished a professional education, the youngest person in our sample is 21 years old. 14 The sample is further restricted to individuals younger than the official retirement age of 65 years. There is no direct question on earnings in the German Micro Census. However, the survey asks for respondent's monthly net income. For the analysis of earnings, we restrict our sample to those who report income from own labor to be their main source of income. Because only net income is available in the data set, our measure of earnings is not free of effects the tax system has on earnings. To proximate a measure for earnings which is free of effects from the tax system, we use information on family status and employment status (part-time or full-time).
Our sample is restricted to those for whom we observe income from labor and to individuals who are unemployed. The second group, the unemployed, is included in the sample to calculate the field-specific unemployment rate and to account for the risk of unemployment when estimating the field-specific earnings risk. The Micro Census provides the information on income in 24 brackets. We calculate the mean for each bracket with data from the German-Socio-Economic
Panel. Table A1 shows that the calculated means are very close to the bracket mean in all cases.
In our analysis we use hourly earnings by dividing the monthly earnings by the individuals hours usually worked. The large number of observations guarantees that we have sufficient observations even in educational fields that are less frequently chosen. 15 To achieve a strong validity of our results, we restrict our analysis to fields of education in which we observe the earnings of at least 300 individuals. When restricting our sample to fields with a sufficient number of observations we have 74 fields left for our analysis. For men we observe more fields with more than 300 individuals (63 educational fields) than for women (56 educational fields).
For presentation purposes we focus on 25 fields out of the 74 fields of education when discussing our results. We selected these fields from vocational and academic education with varying program length in order to represent the characteristics of the full range of fields in the sample. The chosen fields and their characteristics are shown in Table A3 and A4. The first column of the tables depicts the hourly earnings for men (Table A3 ) and women (Table A4 ). The average hourly earnings by field are not corrected for varying distribution of characteristics over the fields as for example different age structures and different magnitudes of forgone earnings due to more years spent in education. For this uncorrected measure of earnings the fields of dentistry (uni), medicine (uni), industrial engineering (appsc.), management science (appsc.) and finance and insurance (appsc.) rank highest for men. For women the medical fields are followed by university educations in teaching, law and business. As we will see later on, the ranking of fields changes when field specific characteristics as the length of the educational program, the unemployment probability and personal characteristics of the graduates are controlled for.
Results
The results of the field specific returns are derived from estimating a modified version of the standard Mincer wage regression as described in Section 2. Table A5 gives the coefficients of the regression. The first and third column give the estimation results for men and women.
Column 5 shows the estimation results for men who graduated from an engineering field. As expected, for all fields, the hourly earnings increase with age at a diminishing rate. The effect of tenure in the current firm is significantly positive for men and women. Furthermore, German nationals tend to have higher hourly earnings and earnings tend to be lower in the eastern part of Germany. Our dependent variable is net earnings because gross earnings are not reported in the dataset. For that reason, the return and risk measure is not free of effects the tax system and social insurance has on net earnings. We include a dummy variable for being married and for working part-time (and the interaction between both) in the wage equation to catch the major tax effects. Married taxpayers in Germany can file a joint tax return which reduces the tax burden and, thus, increases net earnings. The monetary benefit of this joint tax return increases, the higher the income difference of the married couple is. As expected, being married has a positive effect on net earnings for men. For women the effect of being married is not statistically significant. Part-time work can also lead to a lower tax-rate and therefore increased net earnings. The effect of part-time on earnings is positive and significant for both sexes. For women, though, the interaction of being married and working part-time has a strong negative effect on earnings.
The excess returns (E[R j ]−R) 16 for the selected fields are shown in Table A6 and Table A7 . 17
Columns 1 to 3 give the excess returns when the capital value of each field is not discounted (γ = 1). Columns 4 to 5 show the values when earnings are discounted with a rate of γ = 1.03.
16 Note that the excess returns for men and women are calculated with respect to the sample average for men and women respectively. The sample average for men isR = 45.85, and for womenR = 43.41.
17 Table A12 and A13 show the returns for the full set of fields.
For men, the university fields of dentistry and medicine yield the highest returns over the lifecycle if earnings are not discounted. The medical fields are followed by an education in industrial engineering (appsc.), business (uni) and computer science (uni). Other than for men, teaching belongs to the "top 5" performing fields for women. The "top 5" fields for women are: Dentistry (uni), medicine (uni), management science (appsc.), teaching (uni) and finance and insurance (appsc.). Dentistry and medicine are clear outliers with an hourly wage that is almost 50 percent higher than the sample average. This result is comparable to the results of Chevalier (2011) If the capital value of each field is discounted to consider that individuals prefer earnings at an earlier point in time, the ranking of fields changes. In particular fields with a shorter program length, e.g. programs at a university of applied science and in vocational training, become financially more attractive. Graduating in law or computer science from a university, for example, looses rank, while a degree from a university of applied science in management science or business becomes one of the five top-performing fields for men and women.
When calculating the returns to a field of education, we do not consider costs associated with the field except for forgone earnings while in education. Since there were no tuition fees for post-secondary education in Germany for the students observed in our sample, we do not have to account for this type of cost. Still, some fields of education yield high returns mainly for those who become self-employed. As shown in Table A3 and A4, dentists, medical doctors and legal scientists have the highest share of self-employed and earnings vary widely between the self-employed and employees. For medical doctors and dentists high investment costs are associated with becoming self-employed, i.e. starting their own doctor's office. Hence, it has to be kept in mind that some of the returns to these educations will be the returns to investment into financial capital that the individual had to make earlier. The high returns for management science, teaching and finance and insurance can be assumed to be connected to the civil servant status and the low risk of unemployment of a high proportion of the graduates from these fields.
To account for the special status of civil servants and self-employed, we estimate a specification of the Mincer wage regression which adjusts the returns for the employment status. Table A8 and A9 show that, as expected, the returns to management science and teaching rank lower than in the baseline specification because the specification controls for the effect the civil servant status has on earnings.
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Mean-variance plots
In order to evaluate the fields of education as investment goods, we depict our estimation results as mean variance plots in Figure In general, we find that higher levels of education are associated with higher expected returns but also with higher risk. Literature suggests that the variance of earnings is increasing with the level of schooling (see e.g. Levhari and Weiss, 1974; Hartog and Vijverberg, 2007) , but this view is not straight forward (Belzil and Leonardi, 2007) . Schooling may reduce earnings variation by reducing the unemployment risk or by raising the job offer probabilities but it may increase wage variation if more educated workers find jobs in sectors of occupations where wages are more volatile. Our estimates take into account the lower unemployment risk at higher education levels as explained in Section 2. Unemployment is rather low for our sample of individuals with a university entrance degree, hence the probability of unemployment does not contribute a lot to the earnings variation. In addition to the higher risk at higher education levels, we find that the different fields also show a high heterogeneity with respect to risk and returns within an education level, which is disregarded, when only comparing different levels of education.
The graph also shows the importance of taking risk into account. Simply comparing the returns for men for e.g. management science (appsc.) with business (appsc.) would yield no difference because the monetary return over the life-cycle is relatively close. But the average returns for business exhibit a much higher risk level, such that this field is more unattractive than management science in terms of an investment good.
Fields belonging to the group of technical fields receive special attention because of the controversially discussed shortage of graduates from these fields of education in Germany. The mean-variance plots show the efficiency of one field compared to another. Following standard economic theory of demand and supply, prices for graduates from fields with a shortage of graduates should be high, i.e. we should observe high earnings and a low level of earnings risk.
Our results do not suggest that there is a shortage of skilled labor in these subjects since we do not observe high prices for graduates from technical fields compared to other fields. Other fields, especially from the group of social science fields are still more attractive investments. However, our model is not suited to predict a possible shortage in the (near) future, as we are only able to use retrospective data.
Technical abilities
To reduce the role of potential ability bias, we compare the properties of human capital returns within a group of fields. Individuals who revealed a preference for a engineering field of education are likely to be similar with respect to their educational preferences and abilities. Figure 3 shows the mean-variance plot for all engineering educations for men. 18 The sample average mean of the discounted capital value of log-earnings for men who graduated from a technical field is 44.88 Euro. For the technical fields risk seems to decrease with returns. On the one hand, the highest paying fields supply engineering and electrical engineering (appsc.) have a very low risk level. On the other hand, students who graduate from architecture can expect only low returns at a high level of risk. When comparing earnings within a certain group of fields, we observe that the discounted life-time log-earnings with a vocational degree are often not much lower than with a university degree. Manufacturing engineering at a university yields about the same returns over the life-cycle as a vocational degree in the same field. Further, the earnings risk is to some extend lower when graduating from vocational training. In contrast, graduating from a university of applied science with a degree in electrical engineering is preferable to a vocational training degree in the same field. Hence, university education is not always the choice with the highest investment value.
The results show that the field of education is as interesting as the level of education when assessing human capital investments. A student interested in a university of applied science education in a technical field should, for example, prefer manufacturing engineering over construction engineering because it yields a higher return at the same level of risk. 
Standardized return measure
In order to further assess the risk-return trade-off, we apply the standardized return measure.
The standardized return measure gives us the returns per standard deviation of the unexplained part of the returns. Table A10 for men and Table A11 for women rank the educations from the highest standardized return to the lowest. As for the unstandardized returns the top-performing fields consist of programs at the university and university of applied science level. The ranking of the fields, thus, changes. Fields with a low earnings risk move up in the ranking. It is not surprising that management science performs better when earnings risk is taken into account.
Around 80 percent of graduates from the field of management science are employed as civil servants. A career as a civil servant traditionally is connected to low earnings risk and low risk of unemployment. For men, social work at university and university of applied science belong to the low performing fields while for women construction engineering belongs to the worst 5 educations. Also, teaching ranks only 35 th for men, while it is one of the top-performing fields for women. Similarly, medical services is at the very bottom of the ranking for men, while it is one of the top performing vocational educations for women. 19
The differences in the performance of fields between men and women might explain some of the wide differences of educational choices for men and women. As it is often discussed (see e.g. Machin and Puhani, 2003; Zafar, 2009) women are assumed to choose fields in humanities, language, education and creative arts etc., because it relates to the "traditional" female work environments. Our findings suggest that their choices can also be linked to "rational" investment choices.
Conclusion
In our paper, we analyze the risk and return properties of approximately 70 different educational fields. While there is a broad literature analyzing the returns to different educational levels, little research examines the returns to education at a more disaggregated level. Results suggest that the financial performance of different educations does not only vary across qualification levels but does also vary strongly within a qualification level. Further, the financial attractiveness of fields varies by gender.
We use the German Micro Census for the years 2005 to 2009 to estimate field specific returns by extending the Mincer wage equation controlling for different fields of education. We then use our estimation results to calculate an average measure of log hourly income over the life-cycle, as well as field specific earnings risk. Applying general models from the financial asset theory to our estimation results allows us to evaluate the fields of education in terms of their efficiency as investment goods.
19 Table A12 and A13 show the standardized returns for the full set of fields.
In general, higher educational levels yield higher expected returns, but are also associated with greater variance. In addition, we show that beyond the general tendency across educational levels, there is heterogeneity within educational levels that should not be neglected. In this regard, graduating in business from a university yields higher expected returns than majoring in business at a university of applied science (between educational levels), it also yields higher returns than majoring in maths at a university (within educational level). Furthermore, we show that risk is a source that should not be neglected. Even though graduates in management science (university of applied science) earn on average the same as graduates in business (university level), the latter is associated with a higher risk which makes it an inefficient investment choice over management science.
The findings are in particular helpful in terms of analyzing shortages of skilled labor in certain fields of education, as well as finding instruments to solve this possible problem. A shortage of skilled labor should be reflected in high returns and a relatively low risk associated with the education that exhibits the shortage. In Germany, a controversially-discussed topic is the shortage of skilled labor in the MINT-subjects. Our results however do not suggest that there is a shortage of skilled labor in these subjects, at least not in the time of our analysis. However, our model is not suited to predict a possible shortage in the (near) future, as we are only able to use retrospective data.
Even though we are using a rich dataset, there are several problems we could not address in our study. Thus, it remains for future studies to determine possible biases resulting from ability sorting or endogeneity of educational fields when estimating field specific returns. Another extension of our study would be to incorporate our findings into an educational decision process.
But so far, there is no extensive dataset available (for Germany) that would allow us to model the field an individual chooses while controlling for the individuals socio-economic background as well as the expected returns and the associated risk. Notes: Columns 1 to 3 give the excess returns when the capital value of each field is not discounted (γ = 1). Columns Table A7 : Returns to field of education: Women 
